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PROVISIONAL SPECIFICATION 



FOR THE INVENTION ENTITLED:- 

"An Optical Filter; An Optical Interleaver and Associated Methods of Manufacture" 
The invention is described in the following statement- 



• -2- ; . . • •.. . 

The present invention relates to an optical Alter, an optical Interleaver and associated 
methods of manufacture. The invention' has been developed primarily for use in' ■. 
dense wavelength division multiplexlhg (DWDM) and de-multiplexing in 
telecommunications applications and will be described hereinafter with reference to 
5 this application. . However it will be appreciated that the invention is not limited to this 
particular field of use. 

« • • • . ' • 

Prior art DWDM's generally fall loto two categories, those using an in-fibre 
Bragg grating, and those utilising thin film coatings, known.as narrow band filters. 
The preferred embodiment of the present invention fails generally Into the narrow 
10 band filter category. 

Some typical prior art nam>w band filters are disclosed In U.S. Patent No. 
: 6,008.920, altiiough the bandpass of these filters is generally not as narrow as thdt of 
the preferred embodiments of the present Invention. Those prior art filters have 
multiple cavities to square up the bandpass, and each cavity is usually characterised 
15 by a centrp layer In the form' of a thin spacer. The optical thickness of each spacer is 
' a multiple (M) multiplied by half tiie applicable wavelength, where M is a small integer 
(typically less than 6, often 1 or 2). In other words, the thickness of each spacer is. * 
typically within in the range of approximately 300 nm to 4pm. This allows the spacers 
to be manufactured by thin film deposition techiilques. Figure 1 shows a typical 
20- structure for such a filter.- 

In mass production, prior art narrow band filters are constructed on large area 
substrates and Fater sliced and diced into many smaller devices* (typically 1-2mm 
square). To achieve the greatest number of useful devjces pe(r batch, the 
performance of the large area substrate must be very uniform. A major drawback to 
25 this technology, particularly as the bandwidth of the filter becomes smaller, is that it * 
' becomes more difficult to achieve sufficient uniformity of the layers over the aperture, 



and to tightly control the thicknesses of each layer with respect to the oth.ers.. For 

these reasons, production yields are typically low. thereby Increasing production 

costs and resulting in a relatively expensive end produQt. 

. " ' ■ • * ' . ■ ■ 

Fig. 2 shows the predidted spectral transmittance of a typical prior art 50GHz 
5 thin film narrow band filter centred at 1550nm. This filter has a passband .of 0.28nm 
'. when measured ds'Full Width Half.MaxImum (or full-width to 3db points]. Figure 5 ■ 
shows the spedtrai transmittande of the prior art filter In more detail over the typical 
' wavelengtii, range of an erbium.doped fibre arnpllfier used in many optical 
• telecommunications applications. The iayef configuration of this state-of-the-art prior 
10; art filter is: 

(Hiyy 0 HHLLL (riL)'^20 LLH (HL)!>21 H (HL^Ib 0.59525H 0.73669L . . 

.where H and L refei- to quarter-wave optical thickness layers of TaaOs and 
. SIO2 (refractive Indices 2.065 and 1 .465 respectively at 1 550nm). The filter consists 
of 126 layers (bearing In mind that two or more Identical" "layera" such as HH or LLL 
1 5 are actually counted as one layer) and has a total thickness of about 30pan. The 
incident medium 15 air and the substrate glass. This prior art filter has three cavities 
with three corresponding spacere, each fomned by.the HH layer. Hence each spacer 
has an approximate thickness of 380rim (for a narrow band filter centered on^ 
1 550nm). • Further, each cavity has the a total of approxirtiately 41 thin layers 
(including the thin layers which together fonn the spacers). • 

Typically this prior art filter is used to transmit a narrow passband of 
mai^inaliy less than O.Snm. which may be centred withiri the wavelength range of 
teleconnmunicatlons equipment such as erbium doped fibre amplifiers and lasers 
operating between about 1527nm and 1567nm. 



• The group delay across the passband is an.important consideration when 
* , * ' •• • . * • 

^ssessing'the performance of a narrow pass filter The groUp.delay Is proportional tb 

the Variation of the phasie change on transmission across the pass band. Atypical ' 

phase change for the prior art filter on trarismisslon over a broad specftral range is 

illustrated in Figure 3/ More particularly, the phase change on transmission over the 

central pass band wavelength region for the prior art filter is illustrated in Figure 4, ' 

with reference to the right hand Y axis. The variation of the phase change is 

approximately 305^'or 1.7«. Also depicted with reference to the left hand Y axis of 

Figure 4 is the spectral transmittance on transmission over the central pass band 

.wavelength region for the prior art filter \ 

The effect of uniformity .errors of 1 part In SO.OdO in the thicknesses of the 
layers is illustrated In figure 6. . In other words, all of the thicknesses of all of the *. 
layers are 1 ,000002 times thicker for the curve shown as a thick line as compared tb 
standard curve without the en-ors shown as a thin line. Figure ? illustrates the effect 
of absorption in all ther H layers of the prior art filter con-espondirig to an extinction 
.coefficient ;c=0.0001 as the thick curve, pnce again, the standard filter perfonnance 
is illustrated by the thin line for cornparatlve purposps. 

Any discussion of the prior art throughout the speciflcjation should in no way * 
be considered as an admission that such prior art is widely known of forms part of 
common general kriowledge In the field. 

It is ah object of the present invention to overcome or ameliorate at least one 
of the disadvantages of the prior art, or to provide a useful alternative. 

Summary of the Inverition: .* * • ^ 

According to a first aspect of the invention there is provided an optical filter having a 
plurality of cavities, one or more of said cavities including a spacer of thickness 
greater than 7 |Lim. 



>-5 - . • •• • ■ 

Preferably each spacer defines two opposed surfaces each having a plurality 
ofthin layers disposed thereon, wherein, the average number of thin layers per ca\^^ 
Is less than 35. Moreover, in some emt)odimerits the average number of thin layers 
per cavity is substantially less than 35 and the thickness of each of the spacers Is 
5 substantially greater than 7^m. 

According to a second aspect, the present invention provides an optical filter ' 
adapted to receive a dense wavelength division multiplexed optical signal including a 
plurality of channels ranging in frequency between approximately 1520nrn and. 

, • • • 

1570nm» said filter being adapted to output a single channel of less tlian* 1nm width. 
10 said, filter having a plurality of cavities, one or more of said cavities including a spacer 
of thickness greater than 7 ysx\ and wherein said spacer defines two opposed 
surfaces each haying a plurality of thin layers disposed thereon, wherein the average 
number of thin layers per cavity is less than 35. 

According to a third.aspect, the present inyention provides ah optical 
15 Interjeaver having a plurality of cavities, one or more of said cavities including a • 
spacer of thickness greater than 7 jun. 

According to a fourth aspect, the present invention provides an optical 
interleaver adapted to receive a dense wavelength division multiplexed optica] input 
signal including a plurality of channels ranging In frequency between approximately 
20 1520nm and. 157Gnm. said interleaver being adapted to split said input into an output 
of at least two sub-sets of channels, wherein each channel has a bandwidth in the 
Irange of about 16nm to less. than 1 nm. said interleaver having a plurality of cavities, 
one or more of said cavities including a spacer of thickness greater than 7 |irn and 
wherein said spacer defines two opposed surfaces each having a plurality of thin 
25 layers disposed tliereon, wherein the average riurnber of thin layers per cavity Is less 
• . than 35. . * . ' . 



A(xx>rding to a fifth asped, the present inventiorf provides 0 met^ 
manufacturing an optlcai fitter as described dbove, said nftethod including the steps 
of: ■■ ■ . 

producing a plurality of spacers by. optically polishing a substrate, wherein at 
.least one of said spacers has a thickness of greater than 7|irn; 

. using thin film deposition to deposit a plurality of .thin layers onto each of said 
spacers to form cavities, whereby the average number of thin layers per cavity fs less 
than 35; and 

. optically contacUng'said pluFallty of cavities to fomfi said filter. 

According to a sixth aspect, ttie present Invention provides a method of ' 
manufacturing an optical filter as described above, said method including the steps 

of: • ; ■ . ' • •■ . . ; 

a) .utilising thick film deposition to produce a spacer having a thickness of 
greater than Tpm; • . 

b) utilising ihin film deposition to deposit a plurality of thin layers onto said 
spacer to fomi a cavity, the average number of thin Is^rs per cavity being less than • 

35;. . . " ■ ' 

.c) repeating combinations of steps a) and b) so as to form said.fiiter. . 

According to a seventh aspect, the present invention provides a method of " 
manufacturing an optical interleaver as described above, said method indiiding the 
steps of: 

producing a plurality of spacers by optically polishing a substrate, wherein at 
least one of said spacers has a thickness of greater than 7fim; 

using thin film deposition to deposit a plurality" of thin layers onto each of said 
spacers to form cavities, wliereby the average number of thin layers per cavity is less 
than 35; and 



optically contacting said plurality of cavities to fbrrn sald.interieaven 

According, to another aspect, tlie pr^^ent invention provides a method of 
manufacturing an optical interleaver as describefd above, said method including the 
steps of: 

a) utilising thick film deposition to produce a spacer having a thickness of 
greater than 7pm; 

' b) utilising thin film deposition to deposit a plurality of thin layers onto.said 
spacer to forrn a cavity., the average number of thin layers per cavity being less than 
35; . ' . 

c) repeating combinations of steps a) and b) so as to form said interleaver.' . 

•Preferred embodiments of the Inyeintlon will now be described, by way of 
exarnple only, with reference to the accompanying drawings iri which: 

Figure 1 is a schematic diagram depicting a typical narrow band filter 
according to the prior art; 

Figures 2 to 7 are graphs illustrating various' performance characteristics of a 
typical example of the prior art filter according to figure 1 . as described in more detail 
in the at>ove discussion of the prior art, . ' 

Figures 8, 9 and 1 0 are graphs of the spectral transmlttance of an output 
provided by a first embodiment of the present Invention as compared to tlie prior art 
mentioned above; 

Figure 11 is a graph showing both the spectral transmlttance and the plhase ' 
change of an output provided by a first embodiment of the present invention as 
compared to the prior art mentioned above; 



. Figure 1 2 Is a graph showing the effects of an absolute error of. .053nm lii 
spacer thickness to the output provided by a first embodlmentoif the present 
inventioh; 

• • ■ • ' ■ • . . . 

' . Figure 1 3 is a graph showing the effects of an extinction coefficient of • 

l(-0.0001 in all of the H. layers oif the prior art mentioned above; 

Figures 14 and 15 are graphs of the spectral transmltlance of an output . 
provided by a second embodiment of the present invention as compared to the prior 
.art mentioned above; 

Figures 16 and 17 are graphs of the spectrai transmittance of an output 
provided by a third embodiment of the present inyention as compared to the prior art 
mentioned above; 

Figure 18 is a graph showingthe effect of absolute error of 1.6nm In the 
spacer thickness for the third embodiment of ttie invention; 

figure 19 Is a graph of the spectral transnilttance oran output provided by a 
fourth embodiment of the present Invention; 

.Figure 20 is a graph showing both the spectral transmittance and the phase • 
change of an output provided by the fourth embodiment of the present Invention; . 

Figure 21 .is a graph showing the effects of an error in the thicl<ness of the thin 
fllmlayersin thefourthembodlmentof 3 parts per 1000; 

Figure 22 is a graph of the spectral transmittance of an output provided by a 
fourth embodiment of the present invention; 

Figures 23 and 24 are graphs of the spectral transmittance of an output 
provided by a fifth embodiment of the present Invention; 



Figure 25 is a graph showing (he effects of nonuniforinity erroirs in the spacer 
. thlpltness of the fifth embodlnnent: 

Figures 26 and 27 are schematic diagran)s iiiustrating the functioning of 

networlcs of preferred ernbodinidnts of interieavers according to the present 
5 • inventlon; 

Flgures. 28 and 29 are graphs of the spectral transmittance of outputs 

provided by a prefeired ernbodlnront of an interieaver . according to 
inventtm; ■ ' * • 

' ' '■ ■ • ■ . • • ' . * • 

. I^'gure 30 is a graph shovyrtng the effects of noriunlfonnify errors in the t^^^ 

10 . layers of the prefen-ed embodiment of an interieaver acciordlng.to the present 

.invention; 

Figure 31 is a graph showing the effects of nonunlfomiity errors in the 
spacers of the prefen^ embodlnwnt of an Intiarleaver according to.the present ' 
invention; and 

1 5 Figures 32 and 33 are Hlustrations of the first embodiment of a filter according 

to the invention. . 

' First Preferred Embodi ment of the Optical Filter • . 

The first preferred optical filter 1 according to the present Invention is 
illustrated In figures 32 and 33 which are not to scale. Jhe filter 1 is adapted to 
20 receive a dense wavelength division multiplexed optical signal 2 as an input. The 
signal 2 includes a plurality of channels ranging in flrequency within a predetermined 
frequency range. Preferably the rangie is between approximately 1 520nm and 

• .1570nm, with 1527rim to 1567nm being the range uUlised In the first prefen^ed 

• embodiment. The filter .1 is adapted to output a single channel 3 of lesS than 1 nm 
5 bandwidth, in other words, this filler allows a single channel to" be extracted from a 



previously multiplexed signal. The filter 1 has a plurality of davities 4 which ai^e each 

. • • • • 

optically connected to an adjacent cavity 4 )7y means of a coupling layer 8. ' 

' Preferably one or more pf the cavities* include a spacer 5 Of thickness greater 

than 7^m. In the first embodiment as illustrated each pf the cayities 4 has a spacer 5 

of 2*1 ^m thickness. Othef embodiments (not illustrated) have spacer thickness* / 

ranging between 7^m up to greater than 1.5mm. For example/sorne embodiments 

have spacer thicknesses of greater than: 1 0 pfn, 20 ^ni, 50 pm, 1 00 ^m, etc. 

Each spacer 5 defines two opposed sUrfaces'6 each having a plurality of thin 
• layers 7 disposed thereon. Preferably the average nurhber of thin layers 7 per cavity 

4 is less than 35 and in the illustrated embodiment the number of thin layers 7 per. 

• , * • • • • ' 

cavity 4 is 26. Other embodiments (not illustrated) have, average numbers of thin ' 
layei^ 7 per cavity 4 of less than: 30, 25, 15, etc. The exact details as to the spacer 
thickness and number of thin layers per cavi^ will vary depending upon the particular 
function to be performed by the filter. For example, some embodiments of the 
invention (not illustrated) are engineered to provide a passband of less than Snm. 
Other embodlments.have passbarids of less than 1 nm or O.Snm. The illustrated 
embodiment has a passband of 0.28nm centred at 1550nm which is essentially 
identical to* the state-of-the-art prior art filter mentioned above. 

It can be seen from figures 8, 9, 10 and 1 1 that the performance of the first . • 
embpdiment of the Invention (shown as a thick line on the graphs) very closely 
matches the performance of the state-of-the-art prior art filter mentioned above 
(shown as the thin line). The spectral performance of the first ernbodiment and the 
prior art are compared over a broad bandwidth in figure 8. As attenuations of 
approximately 4pdb are. usually considered sufficient, the. minor discrepancies 
between the two curves at attenuations of less than TOOdb are functionally irrelevant. 
. Figure .9 shows that over a bandwidth of 1 548nm to 1 552nm the first embodiment . 



almost perfectly matches the spectral perfomiance of the prior art. Figure 10 focuses 
more dosely on the relative performances of the inverttion and the prior art over the- 
central passband region. Once ag9in. the two curves are closely matghed. It can be 
seen firom figure 11 that the two filters exhibit very similar variations in phase change 
S on transmission across the passband. Hence the groMP delay of the two designs is 
very similar. 

Advantageously however, the filter accprding to the first preferred 
embodiment requires significantly less thin layers as compared to the prior art 
mentioned above:. Additionally, the first preferred erribodlment may be manufactured 

10 with significantly relaxed tolerances as compared to the prior art In relation to • ' 
parameters such as the. thia layer unHbnnity and the acceptable degree of 
. absorption. This Is confinned by figures 12 and 13. The effect of an Increase in the 
relative thicknesses .due to non-unifonnify In thin iayens of 4 pajls In 10.000 Is. 
•illustrated in figure 12. The nonnal curve is shown as the thin line and the thick jine 

15 shows the effects of the error. Rgure 12 may be compared to the effedts caused In 
the prior art by an enror In thin layer thickness of 1 part in 50,000 as illustrated in 
figure 6. The first embodiment is roughly 20 times less sensitive to enrors In thin 
layer unifonnify.as the prior art filter'mentioned above. Figure 1 3 9hpws the effect of 
. an extlhdtlon coefficient of k=1 x 10** for the first embodiment (thick line) as . 

20 compared to the prior art mentioned above (thin line). It can be seen that the first • 
embodiment is roughly ten times as tolerant to absorption as the prior .art .mentioned • 
above. 

Advantageously the first embodiment of the present invention is also tolerant 
to minor errors in the spacer thickness. The same effects as iilustiBted In figure 12 
25 are caused by an absolute error of '0.53nm in the spacer thickness. 



The significantly relaxed tolerandes of the first embodiment of the present 
invention allow the filter to be produced at a reduced dost. It also allows for ' 
Increased yields for each'product ruh. More particularly: 

• The ma)dmum allowable uniformity error in the thipltness of each of said thin 
» . laiyers is preferably within the range of t part in 50,000 to 4 parts in.. 10,000. 

18. ••' . •.• ' • . ' . 

- • The maximum allowable abisorption'in each of said thin teyers prefenabiy 
corresponds to an extinction coefficient of between 1x10^ and 1x10"*. 
■ • • The maximum allowable uniformity error In the thicl<riess of .each, of said 
' • ; spacers is preferably less than or equal to 0.53nm. . * " 

preferat>iy at least one of the cavities' is fonmed in accdreiance with the 
following formula: 

. (HL)'^ HMH (LH)'^6 
• where H is a quarter wavelength layer .of nniaterial having a refractive \ndeit of 

approximately 2.065. L is a quarter .wavelength layer of material having a refractive 
. index of .approximately 1 .465 and M is a spacer of approximately 21 pm thickness and 
ha\nng an approximate refractive index of 1.465. 

Indeed, In the first embodiment of a filter according to the.invention each of 
the cavities Is formed in .accordance with the abov^ formula. .Hence, thefiiter as a 
whple is given by: 

((HL)*6 .HMH (LH)^.L)A3 
where H, L and M are as defined above and the final L layer on the right hand side of 
. the formula acts as the coupling layer. The thin H layers are construded from TaaOs. 
The thin L layers, along with the spacers, are constmcted from SlOa. Of course, it 
will be appreciated by those skilled in the art that other materials, having different . 
refractive Indices, may be employed provided appropriate changes are made to the 
•design of the filter. 



The total thickneiss of the first embodiment is 82|im. each spacer being 21 
thick' and each 13 layer refiective stack {that Is (HLj^e H } is Sfim thick. There Is an 
• average of approximately 2& layers per cavity in this embodiment. • 
Second Preferred Embodln nent of the Optical Filter 

in ttie second embodiment of the invention (nbt illustratejdi at least one of the 
cavities is fontied In accoi-dance with the following fomnula: . 

. (HL)M HMH (l.H)M 
where H and L are defined as for tlie first embodiment and M is a spacer of . • 
approximately lOe^m thickness and having an approximate refractive index of .1 .465. 
The spacer In this embodiment Is roughly five times thld^er than that In the first 
erribodlment. 

The second embodiment of the optical filter is in accordance with the 
following fonnula:' 

((HL)*4 HMH (LH)M L^a. 
The spectral performance of the second embodiment of the Invention over the band 
width of.lnterest is Illustrated in figure 14. It c^h be seen that unwanted adjacent side 
orders 9 are alkjwed to pass through this filter. Hence .the second ertibodlment of the 
optical filter ^s preferably used In combination with.a blocking filter having a passband 
of approximately 1 2nm so as to block unwanted adjacent side orders 9. 

The tolerances of this embodiment of the invention, may be relaxed to a degree 
greater th.an those of .the first embodiment: 

• . The maximum alkiwable uniformity enor In the thickness of each of said thin ' 

layers may fall within the range of 1 part in 50,000 to 3 parts In 2,000. 

• The maximum allowable uniformity error in the thickness of ea<* of said the 
spacers is. preferably less than or equal to 3.09nm. 

The second embodiment of the invention has a passband of approximately the 
same width as the first. embodiment, along with a similar group delay. This ' 



embodiment has a total thickness of 336pm, each si>acer being 106nm thick and 
; each 9 layer reflecting stack {that is {Hty^ H) being about 2jim thick- There Is an 
average of approximately 18 ttiln layers per cavity In this, embodiment 
' ■ Thfrd Preferred Embodimflnt of thaOnttraiPiitor 

In.the third preferred embodiment of the optical filter at least one of the • ' 
cavities' is formed in accordance with the fbllowing fomnula:. 
(HL)M HMH (LH)M 

where H and L are defined as above and M Is a spacer of approximately 529pm 
thickness and having an approximate refractlye Index of 1.465. 
The optical filter of the third embodiment Is In accordance with the following formula: 
((HL)MHMH(LH)ML)A3,. 

As may be seen from figure 1 6, unwanted adjacent side orders 9 are allowed 
to pass through this filter. Hence this embodiment may be used In combination with 
a blocking filter having a passband of approximately 2.4nm so as to block adjacent 
1*5 side orders. 

Tolerances for the third embodiment, are: 

• The rnaxlmumalloy»«bleunlfonTilty error In the thickness of each of said thin 
layers is within the range of 1 part In 50.000 to 1 .2 parts in 1 ,000. 

. • The maximum allowable unlfomiity error in the thickness of each of said 
spacers Is less than or equal to 1.6nm. . 

The third embodiment had a passband of less than 0.05nm which is nan-ower 
than the prior art narrow band thin film filters known to the Inventor. It has a total 
thickness of 1 .6mm, with esich sjjacer being 529|Am. Each 9 layer reflecting stack . 
. {that is (HL)M H} has a thickness of about 2pm: The average number of thin layers 
per cavity is approxiniafely 18. '. 



Fourth Preferred Embodiment of the Optical Filter ' ! 

The layer cbnf^uratlon for the fourth erhbodiment is in accordance with the.fotlowing 
formula: 

. (HLr2HMH(LHr2L((liL)^3 HMH (LH):^3L)'^2 (HL)*2HM^ 

■ * ' • • 

wtiera H and L are defined as above and .M is a spacer of approximately 1 .32mni 
ttilcltness and having an approximate refractiye index of 11465. 

This embodiment is easier to manufacture than the first, second and third 
embodiments, however is only suitable for applications virtiere a high group delay Is 
acceptable, it can l)e seen from figure 19 that the passband is similar to that; of the 
third embodiment. Hovvever, figure 2Q shows that the variation of the phase change 
on transmission across the passband Is greater that that of the previous 
embodiments. 

It is preferable to use the fourth embodiment in combination with a blocking 
filter having a passband of approximately 1nm so as to block adjacent side onlers. 
The tolerances for this en:ibodiment aire further relaced as follovys: 

• The maximum allowable uniformity error in the thickness of each of said thin 

layers is within the range of 1 part in 50.000 to 3 parts in .1 ,000: 
• . The maximum allowable unifonnity error In the thickness of each of said 
spacers Is less than or equai to' 3.96nm. ' 

The total thickness of the thin layers in the fourth embodihrient Is 1 i ,5)im, with 
each spacer belrig 1.32nfim. 

Each of the first four embodiments of the filter show that performance roughly 
equal to, or better than; the state-of-the-art prior art mentioned above can be • . . 
achieved by the invention, however with far more relaxed tolerances and lesser . 
number of thin layers. The next embodiment shows that if. tolerances approaching 
those of the prior art are utilised, along with a greater number of thin layers, then 
performance far exceeding the state-of-the-art may be achieved! 



Fifth Preferred Embodiment of the Optical Filter 

The fifth embodiment is in accordance vvith the follovidng formula: 

((HL)'^7 HMH (LH)7 L) ((HL)^ HMH (LH)^8 L)*2 ((HL)*? HMH (LH)'^7) 
where H and L are defined as above and M is a spacer of approximately 0,8mm- . 
thickness and having an approximate inefractiye index of 1 .465. . ' . 
Tolerances fpr this embodiment are: 

• The maximum allowable uniformity error in the thickness of each of said thin 

layers is within the range of 1 part in 50,000 to 1 part in 1 0,000, 
' • the maximum allowable unifomnity em)r In the thickness of each of said 

spacers is less thari or equal to 0.1 1nm. . • 
The fifth embodiment of the optical filter has a pasSband. of approximately 
0.002nm. This is radically, smaller than any prior art known to thet inventor as at the 
priority date. A 0.02nm wavelength passband is equivalent to a 0.2GHz frequency 
. passband. The prior art filters having a passband of around O.Snm allow for . 
approximately 40 to 80 channels. If other telecommunications equipment were " 
sufficiently upgraded so As to support this embodiment of the Invention, it woqld 
theoretically allow for a single channel to be extracted from a multiplexed input 
having approximately 15000 <aiahnels across a 30nm bandwidth. This improvement 
In performance would allow the Information canrying capacity of currently laid optical 
fibres to be dramatically increased, thereby helping to address the rapidly growing 
worid wide demand for digital telecommunications, for example due to increases in 
Internet usage. 

Preferred Methods for Manufacturino Filters According to the Invention: • 
A first preferred methbd of manufacturing an optical filter '1 in accordance with the 
invention includes the steps of:. . * 

producing a plurality of spacers 5 by optically polishing a substrate, wherein 
at least one of. said spacers 5 has a thickness of greater than 7fxm; . 



using thin fWm deposition to deposit a plurality of thin layers 7 onto each of 
said spacers 5 to forni cavities 4, whereby the average number of thin liayers 7 per 
cavity 4 is'lesa thian 35; and 

optically contacting said plurality of cavities 4 to fbnn said filter i. 

* It will be appreciated that the spacer thidcnesses tolerances required for 
manufacture of the preferred embodiments of the optical filter are within the 
capabilities of those sl<llled iri the art of optical polishing. Similarly, the required thin 
layer tolerances are within the.capabiliUes of those skilled in the art of thin fii.m • 
deposition. • ' 

' The second prefen^ method of manufacturing an optical filter 1 in 
accordance with the invention includes the steps of ' 

a) utilising thick film deposition to produce a spacer 5 having a thickness of 
. greater than 7jim; 

b) utilising thin filrh deposittoh to.deijosit a plurality of thin layers 7 onto said 
spacer 5 to form a cavity 4,' the average number of thiri layers 7 per cavity 4 being ' 
less than 35; . 

c) repeating cornbinations of steps a) and b) so as to fonnn ^id filter 1. 

In the exemplary preferred embodiments described above the spacer Is niade 
of SlOz, a material with, a relatively low refractive index in comparison to many other 
transparent materials at the wavelength range of interest (about 1550nrh). • This type 
of filter is appropriate for applications which are tolerant of a high sensitivity to. 
wavelength shift as a function of tilting with respect .to tlie angle of incidence of the • 
incident radiation. If such sensitivity Is to be avoided, it is preferable to choose a 
spacer material with a higher refractive lndex,.such as silicon. An additional • • 
advantage of using such a material is that it is more amenable to the second • 
preferred method for manufacturing the filters which preferably uses automated ' 

* • * • • 

equipment and procedures similar to those used in semiconductor fabrication 



' • -18.- • •• • . * • 

'■ * •" • • . ■ ' ■ ■ 

technology. In yet further embodiments, various other crystalline and amorphous 
bulk materials are also u$ed to make -suitable spaces. 

. • . • • • • • 

Preferred Embodiment off An Optical lntarifla^;er 

• Optical Interleavers are adapted to receive a dense wavelength division 
5 multiplexed optical Input signal Including a plurality of channels within a 
- predetemilned frequency range and to split said input into an outpjuf of at least two . 
sub-sets of channels. For exaniple. an interleaver may divide the channels' Into.odd 
and even, sets, or into an upper half arid a lower half. Often channels are separated 
such that some channels are reflected by the interleaver and others are transmitted 
10 . through the interieayer. 

As is known from the prior art. a network of Interleavers may be utilised io' 
' separate all of the channels from a multiplexeci input signal. Examples of such 
networks are illustrated In figures 26 and 27. Each of the Interleavers 9 of the 
network in figure 26 split the Input signal Into.upper and lower halves. Each of the * . 
1 5 Interleavers 10 of the netiMork In figure 27 split tiie Input signal Into alternate odd and 
even channels. . • . • 

The preferred embodiment of the interjeaver has a plurality qf davities, one or 
more of the cavities including a spacer of tjilckness greater than 7 ism. Each spacer 
. defines two opposed surfaces each, having a plurality of ttiln layers disposed thereon. 
20 wherein the average number of thin layers per cavity is less than 35. Other 

embodiments of the interleaver have an average number of thin layers per cavity is 
less than 30, 25, 15 or 10. The thickness of the spacer Is preferably greater thaM a 
^m, although in other embodiments it is greater than 20 fini, 50 jim or 1 00 jim. 
Each of the channels separated by the prefen-ed embodiment preferably has a 
25' bandwidth of less than Sum, although some preferred embodiments are capable of 
• separating channels of less than l^im or O.Snm. The predetermined frequency range 
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within which the channels of the'lnput signal are multiplexed Is .typically 
approximately 1 sizOnrh to 1 570nm for telecommunications, although other ranges . 
may be emplc^ed for various applications. ^ . . ' 

At least one .of ^e cavities of the preferred embodiment Is formed^ in 
5- accordance with the following formula: 
HLHM . • 

' • • • * * 

where H is a quarter wavefength layer of material having a Irefractive index of '. 
approximately 2.065. L Is a quarter wavelength layer of material having a refractive 
. index of approximately 1 .465 and M Is a spacer of approximately 018mm thickness 
10 and having an 'approxitnate refractive index of 1.465. 

More particularly, the overall prefeired interteaver is formed in accordance 
with the following formula: 
. (HLhM)*10 HLH 

-This is a 10-cayity filter Which is preferably optimised to reduce ripple, intiie 
1 5 preferred embodiment eadn of the H layers is'constructed fromTaaOs, and the L " 
layers are qonstructed from SlOa. The 0.8mm thicl< M. layers, that is the spacers, are 
also constructed from Sjpz The.total thickness of tiie Interleaver is approximately 
8mm, consisting of a total of 41 layers: (optimised down from the starting design of '43 
layers. 3 S 3 S 3 S...). There are 10 high order thick layers and 31 X/4 layers. . 

20 Figures 28 and 29 show the spectral transmittance and reflectance . 

respectively of the prefenred embodiment. It can be seen that the prefenred 
emt)odiment divides the input signal into alternate odd and even channels. 

•As was the case for the filter described above, the.toierances for Vne -• 
interleaver are relatively relaxed compared to the prior art The maximum allowable 
25 uniformity error In the thickness of each of said thin layers is preferably equal to or 
less than 5nm. The maximum allowable uniformity error .in the thickness of each of 
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.said spacers is equal to or less than 8nm. Figures 30 and 31 show the effects of ' 
these errors respectively. 

Preferred Methods for Manufacturing Interleavera According to the Invention: 
A first preferred method of nianufacturing an optical interieayer as described above 
5* includes the steps of: 

producing a plurality of spacers by optically polishing a substriate,. wherein at 
least.one of said spacers has a thldcness of greater than 7^m; 

using thin film deposition to deposit a plurality of thin layers onto each of said 
spacers to form cavities, whereby the average number of thin layers per cavity is less 
10 than 35; and 

optically contacting said plurality of cavities to form said interieaven 
. An alternative preferred method of nnanufacturing an optical filter as described above > 
includes the steps of: • 

a) utilising thick film deposition to produce a spacer having a thickness of 
.15 greater than 7fim; * . . ' ^ 

b) utilising thin film deposition to deposit a plurality of thin layers onto said 
spacer to form a cavity, the average.number of thin layers per cavity being less than 
35; and 

c) repeating combinations of steps a) and b) so as to form said interieavef. 

20 Although the invention has* been described with reference to specific 

• examples, it will be appreciated by those skilled in the art that It may be embodied in 
many other forms. 

. DATED this 14*!* Day of July 2003 
25 BALDWIN SHELSTON WATERS 
Attorneys for: 

Commonwealth Scientific and Industrial Research Orgamsation 




Figure 2 (Spectral Transmlttance of Prior Art Filter) 




2/18 




Rgure 3 (Prior Art Phase Change) 




Figure 4 (Prior Art Phase Change) 
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Figure 6 (Spectral Transmittance of Prior Art Filter Including error effects) 




Figure 7 (Spectral Transmlttance of Prior Art Filter including emar effects) 




Figure 8 




Figure 10 
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Figure 11 



Figure 12 
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Figure 13 




Figure 14 





Figure 16 




Rgure 18 




Figure 20 
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Figure 22 
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Figure 25 
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Rgure 28 




Figure 29 
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Figure 30 




Rgure 31 
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